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SUGJL¾Y\Y_L,ÕZK)WYeALWdÕ]\AQJevS[GJL¾Õ]Z]QJLUR




          _n}:c
FHGJL¾YLgX%S[\AV     ZfHX%\YÕ½Õ]Z]QJLBWdV ZZ]S[G   WYQ_h       Xg\YV[V[L%f[sy\AQJhJfHS[\ÃSUGJL¯fnS[ZWvQJLgfnfx\dÓ&SUGJL¾L%hJeAL¾ÓÁ\AVnXgL l        Rw®Z]KMZ½ÕWYVnÕWNÃSU\¥S[GJLeAVUWYhZL%Q4SµÓÁ\AVnXgLdcZLXBWdQ¿WYh_h)X%\AQJfSUVUW»ZQTSUfµSU\¾S[GJLhJL%S[LgVnKMZ]QiWdSnZ\YQ2\YÓySUG_LxX,Õ\Yf[LgfS
Lgh_eAL¥A\YL%Õ3l
  o CiÒr Íqp ÈÒjrÁ Í YVr ÑIp  ÑIp ,Cr p  	 FHGJL)A\YL%Õ    KtJfSÃGiWBYL2SUG_L¿G_Z]eAGJL%fnSÃeYVUWYh_Z]LgQTSZQ®`S[LgQJfZ]S[NÆWYQJhÈGJWYLÃW¿eYVUWYh_Z]LgQTS¯QJ\AV[K)WdÕS[GiWdSxZfrXg\AQJfZfSUL%Q4SZZ½SUG^SUGJLQJ\AV[K)WdÕ$h_Z]V[L%X%SnZ\AQ9W»S  l          FR
  r p  Íqp YrÁ Î  1  Í 	 FHGJLÃA\YL%Õ    Kt_fnSzGiWBAL)WYQÈZ]QTSUL%QJfnZ½S[NÈdWdÕ]tJLÃZQ9WedZ]YLgQ9VUWYQ_eALÃdWdÕt_L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FHGJL5LiVnfnSfnSbWdeAL¿X%\AV[VnLgf[sy\AQJh_fSU\ÆS[GJL¿h_L%ÓÁ\AVnK2W»S[Z]\AQ \YÓHS[GJL¿KML%f[G ÓÁV[\YK WdQ Z]Q_Z]SnZºW»Õsy\AfnZ½S[Z]\AQ S[\
W9X%Õ]\Af[L!WYsJs_V[\Y®ZK)WdSnZ\AQ \YÓxSUGJL!f[GiWdsL\YÓrSUGJLhiWdSUWYf[L,SYR F$\9Z]Q_Z]SnZºW»Õ]ZQ^gLSUG_L^KM\®hJL%Õ<cS[GJLtJf[L%V2XgWYQ
XbGJ\®\Af[LSUG_L!KML%f[G S[\Asy\YÕ\Ye\N WYKM\AQ_e9S[GJV[L%L^sy\AfnfnZ]Ô_ÕL!X%ÕWYfnf[Lgfulf[sJG_LgVnZ]XBW»ÕcHX N4Õ]Z]QJhJVZXgWdÕ¯\YVvs_ÕºWdQiWYV]R
rLXBWYQÆS[GJLgQEL,Z]S[GJLgVrZQ_Z½S[ZWdÕ½Z^%LvK)WYQ4tiWdÕ½ÕQN!SUGJLK)L%f[G9WYVn\AtJQJh^SUGJLÃhJWdSbWYfnL%S¥\YV¯XBW»Õ]Õ]Lgh9WYQÈWYt_SU\YK2W»S[Z]X




S¾QJXgLÆS[GJLÆKML%f[G GiWYf)SUGJLÈh_LgfnZ]V[L%h SU\Asy\YÕ]\Ae\NYcHSUGJL^f[LgX%\AQJhfSbWYeAL^\YÓzhJL,ÓÁ\AV[K)WdSnZ\AQ Xg\AQJfZfSUfZ]Q
sJVn\C4Z]h_Z]QJeEWÔL,S[SUL%VeAL%\AKML%S[VnZ]X2VnLgsJVnLgf[L%QTSbWdSnZ\AQ \dÓSUG_L2\AÔopLgX%S]RPRQ \AVnhJLgVzSU\!Xg\AQTS[V[\YÕµZ½SUfhZfSbWYQJX%L
SU\ S[GJL9hiWdSbWcrSUG_LEK)L%f[G K2WYNÔyL9V[LXLiQJLgh \AVWYhJWYs_SUL%hiRwLPLiQJL%KMLgQTSEWYQ_h WdhiWYs_SUWdS[Z]\AQ WYV[LÈS[Z\
Xg\YK)sÕL%K)L%QTSbWYVNSUWYfkT4f	S[GiWdS	Xg\AQ_fnZ]fnS¸VnLgfnsL%X%S[Z½AL,ÕQNZQWYhJh_Z]QJexALgVS[Z]XgL%fmWYQJhK)\4Z]QJe¯AL%VnSnZX%LgfS[\bZWYVnhJf
siWYVSUfz\YÓG_Z]eAG9XgtJVYW»SUtJVnL\R\YS[G SUWYfkT4fzLgQJfntJV[LMSUGJWdSzSUGJL LiQJWdÕµKMLgf[G ZZ]Õ½ÕµÔyL2W»SWedZ]YLgQ hZfSbWYQJX%L
ÓÁV[\YKSUG_LhJWdSbW ZG_Z½ÕLGiWB4ZQ_e2eA\®\®h!eYLg\AKML%S[VnZ]XWYQJhSU\Asy\YÕ]\AeYZ]XBWdÕ7sJV[\AsyLgVS[Z]LgfPR
S¾Q_ÕQN2SUGJL¯VnZ]eYZhZ]S[N2siWYV[WYKML%SUL%V   WdQJhSUGJL¯LX®SUL%V[QiWdÕ7ÓÁ\AV[X%L¾siWYV[WYKML%SUL%V    WYVnL¾KM\hZQLiL%hÔL,S[ZL%LgQSUG_LLiVnfnSzWYQ_hÈf[L%Xg\AQJhEfSbWYeYL\R¾ÖrtJVnZ]QJe¿S[GJLLiVnfnS¥fSbWYeYLYc ZLÃfnL%S   SU\¿G_ZeYGÆdWdÕt_Lgf_    crWYQJh   SU\vÕ]\VZ dWdÕ]tJLgf_      cZ]Q^\AVnhJLgVHS[\MGiWBALf[KM\\dSUG^WYQJhÕºWYVneAL¥f[XgWdÕ]LhJL%ÓÁ\YV[K)WdS[Z]\AQJf¯\YÓmSUGJLK)L%f[GiRS¾QÈSUG_LÃXg\AQTS[VUWYVNAchJt_VnZ]QJe¿SUG_LÃf[L%Xg\AQJh9fSbWYeALdcBZLÃtJf[LÃÕ]\VZ³YW»ÕtJL%f









eYZ]Lgf _>S[GJV[L%LvÓÁ\AV¯SUG_L)X%tJV[VnLgQTSzZKMs_Õ]LgKML%Q4SUWdS[Z]\AQ=c¥ÔJt_S¥S[GiWdSzsyLgVÓÁ\AV[KMfZL,Õ]ÕµL,AL%Q Z]Q S[GJLvsJV[L%f[L%QJXgL)\YÓ
KvZfnfnZ]QJeÈhiW»SbW1R)PRQ_Z½S[ZWdÕµKM\hJL,ÕfXBWdQ ÔyL)X%V[LgWdSUL%h ÓÁV[\YK Ô\dSUG VUWYQJeYL¿WYQ_h Y\YÕt_K)L,SUVZX)ZK)WYeAL%f]R¿FHGJL
WdÕ]eA\AVZ]S[GJKZ]fQJ\YSxf[L%QJfnZ½S[Z½ALSU\MQJ\YZ]f[LzÔJt_SxK)WYNÔL¾Z]Q1`it_LgQJX%LghÈÔ:N\AtS[Õ½ZL%V[f]R
  ó'XtXX
















~	Z]eAtJVnL}1lh_Wc¯FHGJLveAL%QJLgV[WdÕ¸VnLgXg\YQJfnS[V[tJX,S[Z]\AQ9f[XbGJL%K)L g_>Ô=c¯FHGJL LJV[fnS¾fnSbWdeALÃ\YÓ"hJL,ÓÁ\AV[K)WdSnZ\AQ lrSUG_L
KMLgfnGZ]fÔJVn\AtJeAGTSHÓÁVn\AK Z]S[fHZQ_Z½S[ZWdÕ7f[GiWYsyL¯S[\MWÃV[\AtJeYGWYsJsJVn\YZ]K)WdS[Z]\AQ\YÓ&S[GJL¥hiWdSUWi_>XVcFHGJL¥fnLgX%\AQJh
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FHGJLX%V[LBW»S[Z]\AQ \YÓWÆfnsJGJL%VnZ]XBWdÕK)L%f[G SbWUTYLgfs_ÕºWdXgL¿Ô:N LiV[fSvXg\YK)s_t_S[Z]QJeÈSUG_L¿XgL%QTSUV[\dZh  \YÓSUG_L
hiWdSUWYf[L,SBcWYQ_h SUG_LgQ Ô:N?LiQJh_Z]QJe S[GJL^fnsJGJL%VnZ]XBWdÕ¯f[tJVÓ>WYXgL^XgLgQTS[LgV[L%h \AQ  SUGJWdS¿L%QJX%Õ]\AfnLÆSUGJL ZGJ\YÕ]L
hiWdSUWYf[L,SYR"F\)h_\)fn\JcHZLX%\AQJfZhJL%VxWvS[Lgfnf[L%Õ½ÕWdSUL%hÆtJQ_Z½Sxf[sJG_LgV[LzX%LgQTSUL%V[Lgh^\AQ-)ckWdQJh ZLzsJVn\YopLgX,SrLgWYXbG
hiWdSUW)sy\YZ]QTS¯\AVA\YL%Õ]f¾\AQTS[\2SUGJWdSxf[sJGJL%V[LUR  LfnSU\YV[L\AQÆLgWYXbGÈf[t_VnÓ>WYX%LL,ÕL%K)L%QTS¥\AQ^S[GJLf[sJGJL%V[LdcSUG_L
K)Wt®ZKtJK hZfSbWYQJX%L¾\YÓsJVn\YopLgX,SUL%h!sy\YZ]QTSUfÓÁVn\AK SUGJLrXgLgQTS[LgV]R GJL%QQJ\vsy\YZQTS[fsJVn\YopLgX,S\AQWfnsJGJLgVnL
L%Õ]LgKML%Q4Sgc1ZL¯tJfnLrSUG_LrKMLBWdQ2dWdÕ]tJL¯\YÓSUGJLrVUWYhZtJfµZ]QJfnS[LBWYhiR"FHGJLdWYVnZWYQJX%L¯\YÓSUGJLrVUWYhZtJf"\AQ)SUGJLrtJQ_Z½S
f[s_GJLgVnLhJL,SUL%V[KvZQ_LgfrS[GJLzQ4tJKÔyLgV\YÓ$AL%VnS[Z]XgL%f¯\YÓ$SUG_LzZ]Q_Z½S[ZWdÕfnZ]KMs_Õ]LX!KMLgfnGiR
~i\AVX N®Õ½Z]QJhJVnZ]XBW»ÕiKMLgf[G_Lgfgc:ZL LiV[fSmXg\YK)s_t_SULS[GJLWt®Z]fm\YÓkKvZQZKtJK×Z]QJLgVS[ZW1R  LS[GJLgQvh_Z½4Zh_LHSUG_Z]f
Wt®Z]fµZ]QTSU\ f[L%eAKMLgQTSUfPRµ~	ZQJWdÕ]ÕWNAc:ZLsJV[\YopL%X%S"LBWdXbG2hiW»SbW¥s\dZQTSµ\AQ)W¥f[L%eAKMLgQTSWYQJhMSUGJL%Q)X%\AKMsJt_S[LxÓÁ\AV
LBWdXbGfnLgeAKMLgQTS$SUGJLµX%LgQTSUVn\YZhWYQJh¥SUG_LµÕWYVneALgfS	hZfSbWYQJX%L"WdÕ\YQJeVUWYh_ZWdÕ4h_Z]V[L%X%SnZ\AQ_f$\dÓJWdÕ½Õ4sJVn\YopLgX,SULghhiWdSUW








qdJWdK)sÕL%f¯\YÓ	f[sJG_LgVnZ]XBW»ÕckXPN4Õ½ZQ_hJVnZ]XBWdÕ	WYQ_h^s_ÕWYQiWdVK)L%f[GJL%frZ]feYZ]YLgQ^WdS9LieAt_V[Lgf"2!_c }WYQJh  FR
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Centroid of the
slice
Axis of minimum inertia
Spine 
of the cylinder
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XbGiWYV[WYX%S[LgVZfS[Z]Xgf]R L%XBWYtJfnL2Z]Q_Z½S[ZWdÕ"K)L%f[GJL%fvWYVnLYc	Z]Q eYLgQJL%VUWdÕ<c	S[\As\dÕ\AedZXgWdÕ]ÕWN9KM\AV[L)fnZ]KMs_Õ]L¿SUGiWdQ SUG_L
\AÔ_opL%X%SS[\ V[L%Xg\AL%Vgc ZLÆ\AQ_ÕWN ÓÁ\®XgtJf2\AQ ÔJtZ]Õ]h_Z]QJe KM\hJL,Õf ZZ]S[G WYhJh_Z½S[Z]\AQiWdÕrGJ\YÕ]LgfWYQJh Z]QJXgVnLBWYfnLgh
eAL%Q®t_f[LgfPR
  	 0	
  Í _br po ÆÑ 1 Í 
FHGJLs_VnZ]QJX%Z]s_Õ]L\YÓHS[G_ZfWdÕ]eA\AVnZ½SUG_K Z]fS[\ÆX%V[LBW»SULGJ\dÕL%fZ]Q SUGJL2KMLgf[G ZG_LgV[L¿QJ\ÈhiWdSUW^sy\YZ]Q4S[fÃLX®Z]fnS]R
 L¾SUG4tJfXg\AKMsJtSUL¥ÓÁ\AVHLgWYXbG!YLgVSULXcJZ½SUfh_Z]fnSUWYQJX%LÓÁVn\AK{S[GJL¥X%Õ]\AfnLgfnSxhiW»SbWvs\dZQTSUfWdQJh ZL¥ÕWYÔL,ÕSUG_L










^g\YQJLgfGiWBAL¿Z]QJhJL%Lgh ÔyLgL%Q XgVnLBWdS[Lgh+l\AQJL2WYV[\At_QJh S[GJL¿tJs_sL%VsiWYVS\YÓHSUG_L2GJLgWYh WYQ_h WdSSUGJL)QJL%XT
Õ]L%AL,ÕR"FHGJLD^g\YQJL¯W»S"S[GJLSU\As)\YÓ7S[GJLxGJLBWYh)Xg\YV[V[L%f[sy\AQJhJf"SU\KvZfnfnZ]QJeÃGiWdZ]VµhiWdSUWhJt_LxS[\S[GJLxÕ½Z]KMZ½SbW»S[Z]\AQ
\YÓ&S[GJL¥WYXPO®tZfZ]SnZ\AQS[LgXbGJQ_\YÕ\Ye\NRt_SSUGJL-^g\AQJL¾WYV[\At_QJhSUGJL¯QJLgXT)hJ\®LgfHQJ\dSXg\AVnV[L%f[sy\AQJhSU\LX®ZfS[Z]QJe
sJG:N®fnZ]XBWdÕs\dZQTSUfWYQJh f[GJ\AtÕh ÔyL2X%t_SYR!FHGJL%V[L,ÓÁ\AV[LdcdZL¿XBWYQ V[tJQ S[GJL)GJ\YÕ]L¿XgVnLBWdSnZ\YQ KM\hJtÕL)ZQ WYQ
Z]Q4S[LgV[WYX%SnZ]YLvK)\®hJL!ZG_LgV[LSUGJLÃt_f[LgV¯XBWYQÈfnsL%X%Z½Ó NÆS[GJL!^%\AQJLgf¾S[\¿ÔyLÃXgtS¾ÔiWYfnLghE\AQEGZf-T®Q_\bZÕ]Lgh_eALv\YÓ
SUG_LzS[VnZ]h_Z]K)L%QJfnZ]\AQiW»Õ	fnXgL%QJL\R
  	 0	   p A Í JYr po V Í okÍqp $ Ñ=|   Í Y
FHGJL eALgQ4tJf\YÓÃW f[tJVÓ>WYXgL9Zf!W SU\Ys\YÕ]\AeYZ]XBW»Õ¥XbGiWYV[WYX%S[LgVnZ]fnSnZX%fÆhJLXLiQJL%h WYfSUG_L Q4tJKÔL%V^\dÓfntJVnÓ>WYX%L




 LrsJV[\Ys\AfnL¾WYQWdÕeY\AVnZ½SUGJK X%\AQJfZfS[Z]QJeÃZQ¿Xg\AQJQ_LgX%SnZQ_eJcFZZ½SUG¿S[GJLrS[\Asy\YÕ\YeYZXgWdÕy\AsyLgVUW»SU\AV  ! c®S[Z\Xg\YQ4S[\AtJVnffntJV[Vn\AtJQJh_Z]QJe!S[Z\ÈG_\YÕL%f]R2PRQ WfnZ]K)sÕL
 KMLgfnGc¸WGJ\YÕ]LMZfWYQ pLgKMs_S[N  MÓ>WYX%L2fntJV[Vn\AtJQJh_Lgh
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NA  	  ] àà 
N1RxFHGJL vXg\AQTS[\AtJV[fKtJfnSrÔL¾Õ]\®XBWdS[LghZQJfZh_LQJLgWYVnÕWNsiWdVUWdÕ½ÕL,Õs_ÕWYQJLgfPR
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FHGJL K)L,SUVZX siWYV[WYKML%SUL%V[f   
     #  !  #  	   Xg\AQTS[V[\YÕ¥S[GJL9V[L%ÕWdSnZ]YL h_Z]fnSUWYQJX%L \YÓÃW YLgVSULX S[\Z½SUf¥SUGJVnLgLMQJL,ZeAG4Ôy\AVnZ]QJeAL%VnS[Z]XgL%f]R S¥t_VzWdÕeY\AVnZ½SUGJKtJsyhiWdSUL%f¥SUGJLvdWdÕ]tJLgf\YÓ"SUGJLMKML%S[VnZ]X)sJWYVUWYKML,SULgVnf
hJL%sL%QJh_Z]QJe¿\AQS[GJLzK)LgWYQ!XgtJVYW»SUtJVnLzdWdÕ]tJL%fr\YÓ	QJL,ZeAG4Ôy\AVnZ]QJeMAL%VnS[Z]XgL%f]R
HWYfZXgWdÕ]ÕWNAcHS[GJL^WdÕeY\AVnZ½SUGJK \YsL%VUWdS[Lgf2WYf)ÓÁ\dÕ]Õ]\VZful!ALgVS[Z]XgL%f\YÓ¾Õ]\VZ KMLBWYQ XgtJVYW»SUtJVnLÆKvZeYVUWdS[L





FHGJL9Xg\AQ_XgLgQTS[VUWdSnZ\AQ \YÓAL%VnSnZX%LgfZfeY\CYLgVnQJLgh ÔEN SUGJLÈÕ]\®XBWdÕ¯KMZ]Q_Z]KvZ^gWdS[Z]\AQ \YÓWYQ LgQJL%V[e\N    cÓÁtJQJX,S[Z]\AQÆ\dÓ¸SUGJLzdWYVnZWdSnZ\AQ!\YÓK)LgWYQÈX%tJVndWdS[tJV[LUR  LsL%VnZ]\hZXgWdÕ]ÕWNtJsyhiWdS[LS[GJLKML,SUVnZ]XsJWYVUWYKML,SULgVnf
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